The paper constructs an alternative glide path design that we believe more efficiently balances major retirement savings risks -longevity/shortfall, return sequence, and inflation -than the industry average glide path.
We provide an alternative glide path specification, which is steeper than the industry average. Our alternative is fully invested in equity at the start of the glide path, has a higher equity allocation for 25 years, and then more steeply reduces the equity allocation to arrive at a risk-parity solution at maturity.
The industry average, relative to our calculated alternative, has a slightly higher probability of success, along with higher mean and median values at retirement. But those gains are the result of more variability in the distribution of portfolio values at retirement. Much of the higher variability manifests with higher portfolio values on the "right" half of the distribution, where retirees will easily be able to meet their need in retirement, but with that higher variability also comes a higher probability of landing a plan participant in the far "left tail" of the distribution -a poor tradeoff in our opinion.
For this reason, we find solace in the lower variability of outcomes that result from the alternative portfolio. Much of the probability distribution is clustered around an acceptable outcome, and even if the retirement portfolio value comes up short, it is likely to be only a little short. In these scenarios, slight changes in retirement spending can easily make up for the savings shortfall. Only the most significant deficits, which are more likely to occur in the higher-risk glide path, leave unfortunate retirees with few options.
Finally, it is worth considering the outcomes outside the scope of a binary simulation. In reality, failure is not binary, and no matter the outcome, plan participants must make the best of their situation.
Introduction
Retirement planning is a daunting task. The complex relationships -and the uncertainty -between assumptions such as capital markets returns, life expectancy, savings rate, income replacement rate, and real income growth rate are more than enough to make a plan participant anxious. And while existing analysis has yielded some general rules to follow, we believe there is a dearth of research identifying the right assumptions to use and relating these assumptions back to the construction of a glide path.
We recognize that assumptions might change over time. Annual Morningstar Target-Date Fund Landscape reports 1 show that U.S. target-date mutual fund assets have grown to almost $900 billion at the end of 2017 from a base of less than $100 billion in 2005. Throughout this period of rapid growth, capital markets and investment management in general, and retirement products in particular, have changed drastically. In fact, at the start of that period plan participants could not be auto-enrolled nor was there the ability to auto-escalate savings rates, both of which were enabled by the Pension Protection Act (PPA), passed in 2006. The PPA has proven to be a watershed moment in the development of retirement savings, and it has empowered plan sponsors and plan participants to better prepare for a successful retirement.
In the following paper, we seek to determine what the right assumptions are for glide path design today. Once our set of baseline assumptions has been selected, we estimate outcomes and relate these assumptions to the risks that must be addressed by the glide path. Next, we consider where the investment manager, as it relates to the shape of the glide path, has the greatest ability to improve the outcomes for the plan participants. Finally, we identify additional considerations that are difficult to simulate but important to incorporate into retirement planning.
Background and philosophy 2
Our philosophy of glide path construction is that the main goal of a glide path is to provide adequate wealth throughout retirement. We therefore define "success" as the ability of a plan participant to reach life expectancy with a positive portfolio balance. Thus, we are indifferent with respect to higher portfolio values if the probability of reaching life expectancy with a positive portfolio balance is essentially unchanged.
The assumptions driving glide path construction are of critical importance, so they should represent the greatest proportion of the population that will engage with a glide path. In this regard, we seek out the central tendency of a given distribution when defining our glide path assumptions, as this should logically be the basis for the strategic glide path. We expect that deviations from these assumptions will be minimized overall by using their central tendencies and will have a limited impact on the outcome of a plan participant, recognizing, of course, that a glide path is neither intended nor suited to meet the needs of the individuals in the far tails of a distribution.
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It is also important to recognize that some aspects of retirement planning are outside the control of the glide path and of the portfolio manager, such as plan sponsor match incentives, participant savings rates, and income or debt outside of retirement accounts. No matter the choice of glide path, individuals will never have enough wealth at retirement if they save too little. Instead, we must build the glide path to address the risks that can be helped by an effective glide path, and we have employed Monte Carlo simulations to allow us to compare the costs and benefits of the various options.
Assumptions
As stated earlier, the goal of a glide path is to provide adequate investment such that retirees do not consume all of their savings in their lifetime. Although we think of this as a singular goal, there are actually two embedded goals that must be considered separately: building enough wealth during the accumulation phase before retirement and retaining enough wealth during the distribution phase in retirement.
These two goals, of course, are not independent. So, while it is helpful to define a target for "enough" wealth at retirement, it must be understood that true success can only be measured by a non-zero portfolio value at the end of retirement or at full life expectancy. While it seems reasonable to attempt to calculate a probability of "success" based on portfolio value at retirement, this is not a fair metric as "failures" at retirement are not necessarily failures overall, and missing a target value by a small amount is very different from missing it by a lot.
In order to create a glide path that takes into account all of these considerations, the investment manager should combine market-based empirical research with simulations under different sets of assumptions. We also believe that the glide path should only change if there is a major adjustment to any long-term assumptions. It is important that the glide path not change on a regular basis, or in response to small shifts in assumptions, because plan participants should be able to understand and anticipate how their assets are invested. Instead, it should be the role of the investment manager to make these dynamic shifts. After all, a passive manager that makes regular changes to a glide path based on changing assumptions is essentially making active decisions.
Key assumptions for the simulations include market returns, retirement age, life expectancy, savings rate, income replacement rate, and real income growth rate.
Capital market assumptions
First, since a glide path should be based on long-term assumptions, we derive capital market assumptions using a comprehensive history of liquid financial markets.
3 As highlighted earlier, any short-term fluctuations in expected returns for stocks and bonds are best expressed as a dynamic allocation choice by the manager and not by redefining the glide path.
Second, in addition to using long-term assumptions for stocks and bonds, we also considered the best way to account for inflation. Inflation is a significant risk posed to retirees and those saving for retirement, and the impact of inflation must be carefully weighed when crafting a glide path. For this reason, we use real expected returns in our simulations. Below, we also include a comparison to excess returns, which tend to be closely related to real returns, since cash rates generally track inflation over time.
The glide path less traveled A critical examination of assumptions, outcomes, and glide path specification For investment professional use only. Not for public distribution. Based on almost a century of capital markets data, we assume real returns of 6% and 2% for stocks and bonds, respectively, which corresponds to approximately a 0.4 Sharpe ratio. Intuitively, it makes sense that these asset classes should have similar risk-adjusted returns, as measured by Sharpe ratio, and this is also borne out by the data, as seen in Figure 1 .
Retirement age and life expectancy
We use 67 for the retirement age, as this is the age at which any plan participant born after 1959 will be able to claim full Social Security Administration (SSA) benefits. 4 We assume an accumulation phase that is 45 years long. Our accumulation phase is this long because we see no need to alter the portfolio allocation more than 45 years prior to retirement, but we encourage plan participants to invest prior to the implied starting age of 22.
Assuming a life expectancy of 92, we obtain a distribution period of 25 years. According to calculations derived from the SSA Actuarial Life Table  5 (2014 data was the most recent data available at the time of publication), a 67-year-old male has approximately a 15% probability of outliving this life expectancy, and a 67-year-old female has approximately a 25% probability of outliving this life expectancy. Thus, a plan participant has roughly a 20% probability of outliving the life expectancy used in our assumptions. We also note that the probability of living one additional year declines rapidly after this point.
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Probability of surviving one year:
Probability of living one full year, conditional on current age Cumulative probability of survival: Probability of survival at a given age, conditional on reaching retirement age (67 years)
Savings rate
The savings rate assumption is also informed by empirical data, although in this case we rely on survey data. In an effort to minimize confirmation bias and sampling error, we consider multiple data sources.
The first source, the widely followed Retirement Confidence Survey 6 published by the Employee Benefit Research Institute (EBRI), finds that the total median savings rate (including employer match) for those workers currently saving for retirement is 10%. Interestingly enough, those surveyed estimated a median required savings rate of 16%, which could imply a willingness or intention to save more in the future.
The other source is the Lifetime Income Score, published by Empower Retirement (an affiliate of Putnam Investments) and conducted through their research partner, Brightwork Partners, and used with their permission. This survey, entitled the "Lifetime Income Study 6" (LIS), 7 is a comprehensive analysis of the behavior and expectations of over 4,000 working Americans. The survey tracks their savings behavior and estimates their overall ability to meet their financial needs in retirement.
According to the LIS, among households saving for retirement, the median total household retirement savings rate is 11%, with estimates ranging from 10% to 12% since 2011. If we include all households, and do not limit the sample to those saving for retirement, the median total household savings rate is 9%, with estimates ranging from 9% to 10% since 2011.
As we mentioned at the outset, the goal of this paper is to identify what assumptions should be used on a forward-looking basis. While these surveys are helpful for understanding past behavior, we would be remiss if we completely ignored where savings rates might trend from here. For this, we use an age-based cohort analysis of the LIS data, since Millennials have had a materially different retirement savings experience than other cohorts (as a result of PPA passage in 2006), and they will define the trends moving forward.
Encouragingly, the youngest cohort (ages 18 to 29) has the highest absolute employee-only savings rate, with a 6.5% median savings rate, including individuals who make no contributions at all. There has also been a sharp uptick in participants who are auto-enrolled and auto-escalated, which helps to boost overall savings rates. As a cohort, the Millennials again lead the way, with more than half of the youngest cohort taking advantage of these features.
These findings suggest that 10% is our best estimate of the median combined (employee + employer) savings rate on a forward-looking basis. There is also reason to be optimistic that this rate might increase in the future, but we do not find this evidence to be convincing enough to argue for a higher savings rate assumption at this time.
One concern about savings rates we often hear is that many workers nationwide are already living paycheck to paycheck and cannot possibly increase savings rates, much less attain a 10% savings rate. We categorically reject this argument. First, we are hard-pressed to find any evidence that on the whole, median savings rates for plan participants are materially below 10%.
Moreover, we find evidence that those workers who do not save enough currently are likely capable of saving more. Specifically, we turn to the work of Benartzi and Thaler 8 , who pioneered the use of behavioral economics applications for retirement savings. In their 2004 paper 9 , they discuss the implementation of an auto-escalation program at a manufacturing company plagued by low savings rates. For those employees who met with a financial planner and agreed to participate in the deferred auto-escalation program, which increased participant savings rates by 3% each year coinciding with pay increases (so as not to decrease take-home pay), they observed an increase of more than 10% over four cycles. At the end of the study, those workers who joined their program increased average savings rates to 13.6% from only 3.5% before the start of the program. Other workers, who met with a financial planner but did not participate, saw savings rates decline to 5.9% from 6.1% initially. This is compelling evidence that unwillingness to save, rather than inability to save, is the greater impediment to higher savings rates in many cases.
Income replacement rate
Retirees typically rely on two sources of income in retirement: Social Security Administration (SSA) benefits and retirement savings. First, we will estimate the total required income replacement for a retiree. Then, we can calculate an estimated contribution from SSA benefits, which can be used to back into the ultimate burden on the retirement savings portfolio.
An SSA research paper 10 on income replacement ratios found that the median replacement ratio in the first two years of retirement was 73.5% based on shared household income. Beyond the first two years, median replacement ratios were found to decline, eventually falling below 60% more than six years after retirement. A Morningstar paper, 11 however, suggests the SSA paper might miss rising income replacement needs much later in life. Since annual real percentage change in consumption is negative on average, total real spending will decrease somewhat throughout retirement, but the overall decrease can be less so than implied by the SSA analysis due to flat-to-increasing costs as retirees move far beyond their retirement date. As a result, they caution that while a "rule of thumb" of 70%-80% is reasonable, true requirements can be anywhere from 54%-87% based on individual circumstances.
In contrast to these studies, the EBRI survey found that retirees reported higher-than-expected expenses in retirement. Almost half of retirees (47%) indicated that healthcare costs were higher than expected, with respondents more than three times more likely to face higher-than-expected healthcare costs than lower-than-expected healthcare costs. More than a third of retirees (37%) found non-healthcare costs to be higher than expected, making them four times more likely to face higher-than-expected non-healthcare costs than lower-than-expected non-healthcare costs.
Given the propensity for declining expenditures in retirement, but with the understanding that evidence also indicates higher-than-expected expenses, we choose to use a constant withdrawal rate throughout retirement. Since our withdrawal rate will remain constant, we select the lower end of the estimated range, as we are concerned that a higher constant rate could potentially result in unintended bias. With uncertainty around life expectancy and only a modestly declining income replacement rate in the studies we read, we believe this is a reasonable tradeoff to support our final assumption of a 75% income replacement rate.
Once the overall income replacement rate has been determined, SSA benefits must be estimated. Using median household income and assuming a lifetime income stream similar to that which is estimated in our simulations (further detail in the next section), SSA benefits will contribute approximately 35% of ending salary. This would reduce the income needed from the retirement portfolio to only a 40% replacement rate. The inclusion of Social Security also somewhat dampens the impact of the income replacement rate assumption, as individuals who will realize a lower income replacement rate in the form of SSA benefits will be higher earners, who are more likely to require lower income replacement, according to the SSA paper cited above. Of course, this all assumes that the plan participant begins to claim SSA benefits at full retirement age, but participants can claim up to a 24% increase in the amount of their benefits by postponing benefit claims until age 70.
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One important caveat to our SSA benefits calculation is that we assume full SSA benefits distributions persist without modification in the future. Currently, SSA benefits can be paid in full thanks to trust fund reserves that sustain deficits. The summary of the SSA Trustees Report 13 estimates these trust funds will run out in 2034, resulting in a 23% reduction to SSA benefits paid out at that time.
A recent book
14 addressing the state of retirement savings in America identifies a return to solvency for Social Security as one of three pillars necessary to ensure a successful retirement for workers. Cuts to social insurance programs have been difficult to implement historically, and in the event action is ultimately taken, it is typically phased in slowly, as evidenced by the increase in full retirement age for SSA benefits. Therefore, we deem it unlikely that workers will truly experience a "Social Security cliff" in 2034, and we choose to base our assumption on SSA benefits as currently promised. We also note that the risk of assuming full SSA benefits is dampened by the fact that younger workers appear to fall on the high end of our savings rate assumption, so lower income replacement from SSA benefits could be somewhat tempered by higher income replacement from retirement savings.
Finally, as a check on the studies using observed data, we also calculated a theoretical after-tax replacement rate. We attempt to isolate the impact of retirement on after-tax income, without making assumptions about changes in various deductions or the impact of state taxes on retirement income distributions. Before-retirement "net" income available to a plan participant is therefore calculated with respect to taxable income, federal income tax paid, FICA tax paid, and retirement savings. Postretirement "net" income is calculated as a function of SSA benefits, retirement savings distributions, and federal income tax paid. These calculations were performed for the same set of incomes used in the SSA benefit calculations above, and we found that a 75%-80% replacement rate in retirement would generally result in a full replacement of after-tax income from a plan participant's working years.
Real income growth rate
In order to accurately estimate wage growth on an individual basis, we again turn to SSA data. While there is readily available data on median income through time, this is a flawed measure of wage growth for our purposes. Median income is a measure of the distribution of income at a given time, and therefore can be affected by shifting demographics and other external factors. For example, median income for the entire population can remain unchanged over time, even as workers age and advance in their careers, providing positive real income growth on an individual level. To accurately represent an individual saving for retirement, our analysis requires a longitudinal growth rate, which follows individuals from the start of their careers to retirement.
Our analysis finds a positive but decreasing real income growth rate for working individuals.
15 This assumption diverges from many existing studies, which typically use a constant real (or nominal) growth rate. Unfortunately, while a constant real growth rate is simple to apply, it is far removed from the reality of empirical longitudinal real growth rates, introducing significant bias into simulations and leading to unrealistically low success probabilities. Based on our analysis, we select a 3% exponential real growth rate with a 10-year half-life to determine the assumed path of real wages.
We found additional evidence of a decreasing real growth rate in a N.Y. Fed blog post that attempts to estimate real wage growth for U.S. workers.
16 This analysis, which uses Current Population Survey (CPS) data from the Bureau of Labor Statistics (BLS), makes remarkably similar conclusions about the trajectory of real wages throughout a worker's lifetime.
17 It goes on to analyze various demographic cohorts within the population, but the general shape of real wage growth appears very similar across cohorts.
Our income growth rate assumption attempts to find a happy medium between assuming a constant real growth rate, which will bias success probabilities lower, and assuming rapidly decreasing real income growth curves such as those found in the N.Y. Fed analysis, which could be more prone to overstating success probabilities. The most important piece of the assumption, in our opinion, is that it is not a constant growth rate, and there is a wealth of evidence to support this conclusion.
Outcomes and sensitivities

Outcomes
Having defined all the relevant assumptions, we can now investigate how they drive prospective outcomes. For simplicity, our investigation will use the industry average glide path, as reported by Morningstar. 15 A detailed explanation of our data analysis can be found in Appendix 1.
16 http://libertystreeteconomics.newyorkfed.org/2016/09/us-real-wage-growth-fast-out-of-the-starting-blocks.html.
The glide path less traveled
A critical examination of assumptions, outcomes, and glide path specification For investment professional use only. Not for public distribution.
Using our baseline set of assumptions, we run a Monte Carlo simulation with 10,000 random samples and we calculate a 95.7% probability of success for the industry average glide path. This is our best estimate of the true probability of success based on the assumptions we use, but it is still just a point estimate. In the table below, we provide summary statistics about the distribution of outcomes observed in our simulations. While the outcomes based on the industry average glide path are informative, we find the greatest benefit comes from understanding how variability in assumptions drives changes in outcomes. Below, we provide detail about each individual assumption used, and later we relate the sensitivities back to costs and benefits of alternative glide path specifications.
Sensitivities
Capital market assumptions have a predictable impact on the results: Higher returns result in higher success probabilities, and lower returns result in lower success probabilities. We believe there is a high bar to overrule almost a century of empirical data, but in the event that real returns are structurally lower for the long term, with all else equal, the glide path would have to be adjusted higher to compensate.
Redefining milestone ages, such as retirement age or life expectancy, also has a predictable impact on success probabilities. Later retirement ages allow for greater savings and a longer period over which to realize capital appreciation, both of which increase success probabilities. Longer life expectancy, on the other hand, results in decreasing success probabilities as the burden on the retirement portfolio increases.
The savings rate is the single most important determinant of success probability for a plan participant. Like the assumptions discussed above, it also has a predictable effect on success probability. What is different for the savings rate assumption, however, is the magnitude of the impact. For example, we find that a 1% decrease in the savings rate requires more than a 10% increase in the equity allocation throughout the entire glide path to counteract the effect on success probability. This is a sobering fact -it means that for plan participants that save considerably less than 10%, there is no amount of equity that can consistently provide adequate savings to meet the full income replacement rate. Low savings rates are extremely costly for retirement planning, and the risks borne from inadequate savings can be only marginally ameliorated by a glide path.
Income replacement also plays a role in retirement success. The less income that needs to be provided by a retirement portfolio, the more likely it will be able to provide sufficient income for a considerable length of time. For a given set of assumptions, one way of looking at the impact on outcomes is to observe the probability of success purely as a function of the ratio of the income replacement rate to the savings rate. If the ratio of the assumed income replacement is too high relative to the savings rate, the glide path cannot make up for insufficient savings.
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To isolate and visualize this impact, below we show the relationship for the industry average glide path, varying only income replacement relative to savings rate. Our baseline assumption can be seen with an x-value of 4, which is the 40% income replacement (net of SSA benefits) divided by the 10% savings rate. Finally, the real income growth rate plays a role in sensitivities since it shapes the contributions to the retirement portfolio. As income grows faster and earlier, the success probability for a plan participant increases, all else remaining equal. If, instead of an exponentially decreasing real income growth rate, we chose to use a constant growth rate of 1.4%, the median compound annual growth rate (CAGR) calculated in the appendix, the success probability falls to 84.3% -a significant drop. Given that this alternative assumption is not an accurate depiction of reality, we are not concerned about the drop, but it is telling that what appears to be a minor reshaping of the lifetime income stream can have a major impact on the conclusions that can be drawn from a simulation.
Managing retirement risks
Understanding how assumptions affect outcomes is only one part of glide path design -it is merely used to establish a baseline. More important is the next step, which uses the chosen set of assumptions to determine how and when to adjust the shape of the glide path to manage the risks faced by plan participants. The major risks faced by plan participants are sequence risk, longevity risk, and inflation risk.
Sequence risk
Sequence risk is the risk posed to the retirement portfolio by the path of capital market returns. While a single lump-sum deposit into an investment account is not affected by the timing of returns (assuming no rebalancing), a retirement portfolio is affected by the timing of returns because it is subject to recurring cash flows and systematic reallocations.
Sequence risk increases as the size of the portfolio increases and the time to retirement decreases. Sequence risk is dangerous because it essentially locks in realized losses. Avoiding a significant drawdown to the retirement portfolio near the retirement date is paramount. When these losses occur in close proximity to retirement, they have the potential to impair the retirement portfolio to such an extent that it may no longer be able to meet the needs of the plan participant throughout retirement.
In addition, sequence risk also increases as the volatility of the maturity portfolio increases. The higher the volatility of the portfolio, the greater the probability of realizing a significant drawdown, and therefore, the greater the probability of imposing significant permanent losses on the portfolio.
In order to meet the spending needs of the plan participant, however, the portfolio must still be fully invested and cannot simply sit in cash to counterbalance sequence risk, as this will likely fail to provide an adequate real return to sustain the portfolio throughout retirement. Instead, the portfolio must be invested in the most efficient manner possible, where any volatility is well compensated by capital markets.
The goal of the maturity portfolio, therefore, should be to earn high risk-adjusted returns, as measured by the Sharpe ratio. This necessitates a portfolio that has equally balanced risk between stocks and bonds, which is sometimes referred to as the risk-parity portfolio. 18 The greater focus on efficiency is a significant difference from the early stages of the glide path, where capital appreciation is favored, even if it results in a less efficient portfolio. The glide path less traveled A critical examination of assumptions, outcomes, and glide path specification
Sequence risk should be of the utmost concern to an investment manager, as this risk will impact all plan participants that will depend on their portfolio for retirement income. Furthermore, plan participants have little power to control sequence risk on their own, as they have no control over the timing of capital market returns. In fact, those who are most successful and plan best for retirement, by maintaining high savings rates and high portfolio values, will be most susceptible to sequence risk as they near retirement. Nevertheless, those participants who did not save enough while working and who might not be able to support a full 75% income replacement in retirement are also the least able to afford to lose part of their portfolio due to unfortunate timing of drawdowns.
Finally, since all participants will face some sequence risk in a traditional glide path that decreases equity allocations through time, the manager must pay special attention to when this risk is greatest for plan participants. Participants are assumed to require withdrawals each year in retirement to provide income, so it is preferable that they are not also subject to glide path reallocations as well. The combination of withdrawals and reallocations could potentially result in significant selling of assets just after a market drawdown, thereby hindering the ability of the portfolio to recover.
When the timing of this impairment comes after retirement, the ability of individuals to adjust their situation is also limited. By concluding glide path reallocations prior to retirement, the retirement portfolio has more time to recover from drawdowns, and at the same time participants likely have more options available to adjust to their current situation (for example, by working for a few more years). This is an example of where it is important to think of a glide path in a holistic, applied view, even after considering the outcomes of various simulations.
Longevity risk
Longevity risk is probably the most significant fear for most plan participants -the fear of living longer than their retirement portfolio can support. The thought of being many years into retirement and seeing an account with a zero balance is a much more tangible concern than sequence risk impairing a portfolio early in retirement or inflation slowly eating away at purchasing power over time. Perhaps this powerful fear causes people to overestimate their own longevity risk.
According to the EBRI study, 68% of retirees surveyed believed it was "very likely" or "somewhat likely" that they would live at least until age 85, despite the fact that based on the life expectancy calculations above, men have only a 44% probability and women have only a 56% probability of living to that age, conditional on reaching retirement age.
Even if longevity risk was better understood by plan participants, however, it would still only impact a small proportion of the population. Based on our life expectancy calculations, we can reasonably expect about 20% of plan participants to live to our life expectancy assumption of 92 years of age. Not all of these individuals will face longevity risk. Some, if they are reasonably represented by our other assumptions, will still have adequate wealth to support many more years of retirement spending.
In our simulations, we found the median portfolio value at retirement was 11.3 times ending salary. Using a conservative, risk-balanced portfolio in retirement, we also found that the median balance at life expectancy was 9.4 times ending salary (in real terms), which would provide for adequate retirement income well beyond any reasonable life expectancy for a 92-year old plan participant. So, while 20% is the highest possible proportion of individuals that could face longevity risk, the expected proportion of participants at risk is considerably lower. In fact, at full life expectancy, we observe only 6.4% of simulations resulting in non-zero balances below the assumed real ending salary (equivalent to 2.5 years of withdrawals). The joint probability in this case of living beyond 92 and having less than 2.5 years' worth of withdrawals in a retirement account is just over 1%.
Longevity risk affects participants unevenly
In addition, longevity itself does not affect all plan participants equally. One reason is that there is evidence of heritability of longevity.
19 Hence, while we can inform our life expectancy assumption based on SSA data, each individual participant might be able to more accurately determine his or her own longevity risk based on genetic predisposition. The resulting information asymmetry, from the perspective of the investment manager, means it is difficult to incorporate this potential information into glide path design.
Furthermore, the SSA has also found evidence that socioeconomic status plays a role in determining life expectancy.
20 If the individuals who are most likely to outlive our assumed life expectancy are also more likely to save more or require lower income replacement in retirement as a result of their higher socioeconomic status, then the impact of longevity risk on our assumed glide path will again be muted.
Finally, we must consider how best to mitigate the impact of longevity risk. Longevity risk can be addressed by increasing portfolio contributions, increasing portfolio growth, or decreasing portfolio liabilities, potentially by hedging the risk directly.
By saving more, plan participants can greatly increase the probability of a successful outcome, no matter how long they might live. By working longer, plan participants can increase contributions, increase portfolio growth, and decrease the amount of time their portfolio will need to provide income in retirement. If longevity risk is a major concern, they have the ability to purchase a Longevity Income Annuity (LIA), which directly hedges longevity risk by providing guaranteed deferred income. And with the passing of a rule by the IRS and Treasury 21 in 2014, retirees can even use their retirement savings to purchase this "longevity insurance" if they want to combat longevity risk.
The only way the investment manager can attempt to address longevity risk, however, is by increasing equity allocation throughout the glide path. Unfortunately, doing so is fraught with risk, as it necessarily increases sequence risk for all plan participants, especially later in the glide path. The impact of such a reallocation is also limited as simulations show that a small increase in savings rate is far more effective than even a large increase in equity across the entire glide path. If longevity risk is to be addressed directly, it is best addressed by the plan participant, who has better information and better tools to do so.
The glide path less traveled A critical examination of assumptions, outcomes, and glide path specification
Inflation risk
Inflation risk is the risk that the purchasing power of a retiree's savings is eroded by rising prices. SSA benefits are, for the most part, insulated from inflation risk because SSA benefits receive a cost-of-living adjustment (COLA) according to increases in the Consumer Price Index for Urban Wage Earners and Clerical Workers (CPI-W).
Another aspect of inflation risk is that the consumption basket for a retiree might differ from that of the CPI calculation by, for example, including a higher exposure to healthcare inflation. While this exposure is difficult to hedge directly, Health Savings Accounts (HSAs) provide at least some relief for individuals in qualified high-deductible plans facing high healthcare costs. These accounts allow for greater tax advantages than retirement accounts on savings for qualified healthcare expenses. Given the preferential treatment of these accounts, most advisors suggest that workers first maximize their employer match in retirement accounts, and then direct contributions to their HSA before making additional contributions to their retirement accounts.
Aside from this unique way of addressing rising healthcare costs, we have found that the best hedge for inflation as a whole is a fully invested portfolio. As noted earlier, the capital markets assumptions use real returns for the asset classes to be included in the portfolio, and so have already accounted for the impact of inflation to some degree.
Another strategy for portfolio construction is to include assets that will do well in an inflationary environment. The typical assets cited are commodities, TIPS, and REITS. Unfortunately, all of these assets come with additional risks that might make them a poor fit for a static allocation.
Commodities, for example, as represented by the S&P GSCI Index, have delivered a Sharpe ratio of less than half that of stocks and bonds since the index inception in 1970. Even worse, the index did not go live until May 1991, and since then the index has realized a negative excess return (as of December 31, 2017). Consequently, while inflation has decreased the purchasing power of a dollar over that time, commodities exposure has done little to hedge that risk.
Treasury inflation-protected securities (TIPS), while they are directly tied to CPI in the form of principal adjustments, might still suffer in a rising-rate environment. For example, if breakeven inflation 22 is static but real yields increase, TIPS will likely suffer. TIPS were first issued by the U.S. Treasury in 1997, so there is limited history from which to draw quantitative conclusions, but over that time period, they have been dominated by interest-rate risk. Given their high correlation to Treasuries, it is not clear that TIPS warrant a strategic allocation in a glide path portfolio.
Finally, REITS are dominated by equity risk. While they also demonstrate some sensitivity to interest-rate risk, it is hard to argue that they deserve a strategic allocation in a retirement portfolio more so than any other equity sector. In fact, one could reasonably argue that energy sector stocks (since they are correlated to commodities) or healthcare sector stocks (since they are a better fit for retiree spending) would be a better static inflation hedge. Nevertheless, we hesitate to recommend static, permanent sector allocations, as it is extremely hard to justify from a quantitative perspective and we believe that sector tilts are better left to a dynamic allocation process around an unbiased benchmark.
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Plan participants should want a portfolio that will effectively protect them from inflation risk, but they should not be forced to suffer the lower risk-adjusted returns or hidden risks that often come along with hedging inflation. This is a strong argument in favor of active management, which allows for dynamic asset allocation that invests in these asset classes only when inflation will pose a significant threat to the portfolio, and therefore should provide better risk-adjusted returns.
Designing the glide path and focusing on outcomes
Because the risks to plan participants will vary throughout time, we will specifically address the nature of glide path design in pieces.
Defining the maturity portfolio
Once the maturity portfolio is being drawn upon, market-driven drawdowns have a significant and lasting impact on the portfolio. At maturity, when capital preservation takes precedence over capital appreciation, it makes sense to sacrifice higher expected returns for better diversification within the portfolio. In this sense, sequence risk is the primary risk to be managed when nearing retirement, and therefore the maturity portfolio must be built above all to withstand this risk.
In any case where stocks and bonds have equivalent risk-adjusted returns, which is our null hypothesis, a portfolio with equal risk contributions from each asset class will provide the highest Sharpe ratio possible. The optimal portfolio in this sense is the risk parity portfolio, or in the case of a stock/bond glide path, approximately a 25/75 portfolio (assuming stocks are three times as volatile as bonds).
We also stress test this portfolio for different levels of withdrawal rates in retirement. Using 100 random samples of returns, which are then reordered 100 times, giving us effectively 10,000 samples, we test 21 different static-allocation portfolios with different stock and bond allocations to make sure the portfolio is robust to sequence risk in retirement. What we find is that the risk-parity portfolio, highlighted in red in Figure 8 , is adequate for any reasonable, generally accepted withdrawal rate, which is typically assumed to be 4%-5%.
23 Note that our simulations earlier assumed a 40% income replacement rate and had a median portfolio balance of 11.3 times ending salary at retirement, implying a 3.5% withdrawal rate in retirement. 24 See Appendix 3 for further detail relating withdrawal rates to income replacement rates.
The glide path less traveled
A critical examination of assumptions, outcomes, and glide path specification
Based on these charts, it would appear that a maturity portfolio with a higher equity allocation could also be acceptable, but we caution that this specific example only takes into consideration the retirement period, so it would therefore overlook the additional sequence risk experienced in the years prior to retirement. Given the limited marginal impact on the probability of success in the post-retirement period from a higher equity allocation, it is a poor tradeoff to increase sequence risk immediately prior to retirement by choosing a higher equity allocation for the maturity portfolio.
Defining the starting portfolio
Once the maturity portfolio has been defined, the rest of the glide path must be determined in order to manage the full set of risks an individual will face in planning for retirement. The maturity portfolio is built to control sequence risk, but the starting portfolio should be focused on longevity risk. In order to combat the risk of a shortfall in retirement savings, this portfolio should be built for growth.
Since sequence risk necessitates a relatively low equity allocation at maturity, the glide path would benefit from starting with a high equity allocation initially. This starting point allows for greater growth during the early years of the contribution phase. We call this the Aggressive Accumulation phase. For those participants with 40+ years to retirement and a relatively low portfolio balance, sequence risk is minimal and temporary volatility of the portfolio is of little concern relative to the need to grow the assets from a low base. Sequence risk only poses a threat to the success of the plan participant when the portfolio value is large and reallocations or withdrawals are occurring. Since these conditions are not present early in the glide path, sequence risk is of minimal concern for the portfolio during the Aggressive Accumulation phase.
Connecting the dots
As stated, at the start of the glide path, longevity/shortfall risk is the primary concern, but at the end of the glide path, sequence risk is the focus. Everything in between is about efficiently managing these risks and transitioning from managing one risk to the other.
During the first part of the contribution phase, which we referred to above as the Aggressive Accumulation phase, the glide path must prioritize the equity allocation in order to maximize the total wealth of the portfolio. As the individual moves closer to retirement, sequence risk grows, and the equity allocation must be reduced, while still allowing for portfolio growth to help attain the required portfolio wealth at retirement. We call this the Conservative Accumulation phase.
When retirement is far enough away, an equity drawdown will not have a lasting impact because the portfolio has time to recover. But as retirement approaches, the probability of the portfolio being permanently impaired due to an equity drawdown increases significantly as the investment horizon decreases.
For investment professional use only. Not for public distribution. Because the probability of such an equity drawdown increases at an increasing rate, an efficient portfolio should theoretically also decrease the equity allocation at an increasing rate, without going so far as to result in undue sequence risk immediately prior to retirement.
Modifying outcomes
The industry average glide path, based on our simulations above, yields a notably high success rate. However, after gaining a more thorough understanding of the risks faced throughout the glide path, it appears that the industry average glide path probably does too little to combat longevity risk at the start of the glide path, and it does too little to protect against sequence risk near retirement. This is evident in the low starting equity allocation and the high ending equity allocation, which fails to reach a risk-parity portfolio by retirement and is forced to continue de-risking beyond the expected retirement date. Instead of addressing the different risks at the right times, the industry average glide path attempts to strike a balance of managing multiple risks at all points along the glide path, creating a potential inefficiency.
As an alternative to the industry average glide path, we create another glide path that is fully invested in equity at the start, reaches a risk parity portfolio at retirement, and approximately tracks the path of the industry average in between, having the exact same allocation as the industry average at year 25 (20 years before retirement). Obviously, this alternative glide path will have a steeper slope overall. The goal is to observe how outcomes change as we adjust the investment of the portfolio to better manage the risks that affect plan participants. We do not necessarily advocate for the use of this specific glide path, rather we present it to illuminate how changes to the shape of the glide path can endure risks and modify outcomes.
For investment professional use only. Not for public distribution. Since this glide path is more conservative where portfolio values are greatest, it is reasonable to expect that it will have a lower simulated success probability. In fact, we observe that the overall success probability of the alternative glide path decreases to 92.9%. But this cost means other tangible benefits for the plan participant.
The industry average, relative to our calculated alternative, has a higher probability of success, along with higher mean and median values at retirement. But those gains are the result of more variability in the distribution of portfolio values at retirement. Much of the higher variability manifests as higher portfolio values on the right half of the distribution, where retirees will easily be able to meet their needs in retirement, but with that higher variability also comes a higher probability of landing a plan participant in the far left tail of the distribution. A retirement portfolio that has ten times ending salary, assuming it needs to provide the 40% income replacement outside of SSA benefits as calculated above, will have a withdrawal rate of 4%. With only a 4% withdrawal rate, the retirement portfolio simply needs to outpace inflation (managing sequence risk, of course) in order to deliver 25 years of retirement income.
Alternatively, we could define a target range of outcomes that we deem to be acceptable. With a target 4% withdrawal rate, this could be a portfolio value at retirement that allows for a 3%-5% withdrawal rate. Evaluating the outcomes of the two glide paths, we find that the alternative glide path has a higher probability of delivering an outcome in this range (59.8% versus 55.8% for the industry average). It seems counterintuitive to us to risk a high probability of retirement success in order to increase this ending portfolio value, especially when it also increases the probability of a major failure. Finally, it is worth considering the outcomes outside the scope of a binary simulation. In reality, failure is not binary, and no matter the outcome, plan participants must make the best of their situation. For this reason, we find solace in the lower variability of outcomes that result from the alternative portfolio. Much of the probability distribution is clustered around an acceptable outcome, and even if retirement savings comes up short, it is likely to be only a little short. In these scenarios, slight changes in retirement spending can easily make up for the savings shortfall. Only the large magnitude misses, which are more likely to occur in the higher-risk glide path, leave unfortunate retirees with very few options.
Other considerations
Although simulations can be extremely informative, they can also overlook key aspects of planning for retirement. Realistically, people don't plan for retirement based on an arbitrary age chosen when they are in their 20s. More likely, they plan for retirement based on a combination of current age, current total wealth, and expected retirement spending needs.
Planning for retirement
A conservative portfolio allocation in the decade before retirement better allows plan participants to plan for retirement. In this case, it is reasonable to trade the slight statistical advantage of a riskier glide path just before and into retirement for the pragmatic application of retirement planning. A lower volatility portfolio gives individuals less uncertainty when planning for retirement, which is an important part of keeping their best interests in mind.
Additional income/debt
This analysis does not account for revenue from other sources. If there are any other assets whatsoever, these assets could provide additional income in retirement that has not been accounted for. This additional income could be in the form of after-tax savings outside of retirement accounts, home equity, inheritance, etc. The result is a material increase in the probability of success as the above analysis would have effectively underestimated the true savings rate for the individual. While not included in our assumptions, any additional income would either increase success probabilities or allow for more conservative glide path allocations.
Alternatively, as additional income outside the scope of our simulations improves retirement outcomes, debt could provide a headwind to a successful retirement. For the most part, unsecured debt poses the greatest risk, since the greatest source of secured debt is mortgage debt, which tends to help individuals build home equity. We do not find evidence that unsecured household debt is likely to have a large enough impact to consider its impact on glide path specification, and we find evidence that fears related to student loan debt are likely overblown.
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Conclusion
There is no perfect glide path. It is impossible to say a glide path is optimal, even under a certain set of assumptions. Instead, managers must first identify the most representative set of assumptions for the participant population, and then make hard decisions around the costs and benefits of managing the numerous risks facing participants at various points along the glide path.
Glide path design might be as much art as it is science, but that is not to discount the importance of the quantitative aspect. Without a detailed understanding of how assumptions relate to outcomes, glide path specification is simply a guessing game. By providing a deeper awareness of the relationships above, we hope to elucidate the complex interactions of assumptions and risks. The ultimate goal is that all market participants -from investment managers to consultants to plan sponsors to the participants themselves -are empowered with better understanding and are able to make better informed decisions that lead to more successful outcomes.
With greater perception of how and where managers can have the most significant impact, glide path design is an integral part of a successful retirement. But it is still only one piece. Plan participants must save enough. Plan sponsors must encourage participation. Consultants must guide understanding and advocate best practices. Even politicians can play their part, with common-sense reforms and innovative solutions that make Social Security solvent and incentivize retirement savings. Ultimately, when all the pieces come together, it is the responsibility of the investment manager to shepherd each and every plan participant to the most successful retirement experience achievable.
For investment professional use only. Not for public distribution. What is interesting about the distribution, however, is that real income growth is generally front-loaded. When dividing each individual series in half, we find that the median real income growth of the second half of the series is quite often negative.
It should be noted that neither half of the sample should demonstrate any obvious bias as a result of unusual earnings observations, as we have already removed outlier earnings when we cleaned the data.
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Appendix 2
Real income growth rate comparison with N.Y. Fed analysis
In Figure 16 , we include a comparison of the N.Y. Fed findings and our real wage growth assumption, using their cohort for white males born in the 1950s and having a high school diploma. Since the raw data was not included in the blog post, we note that their data is approximate based on the graphics included in their post. Obviously, our assumption differs from the Fed analysis in two ways -we use a lower assumed growth rate toward the beginning and a higher growth rate at the end. There are two reasons for this.
First, the N.Y. Fed arrive at their income growth rate estimates by calculating an estimated level of real wages for each cohort and deriving an imputed real wage growth rate from this series. This means the Fed assumption is essentially a weighted average real growth rate, while ours is a median real growth rate. For glide path research, we believe the median is a more appropriate measure, and therefore we are comfortable with our divergence from the Fed assumption at the tails.
Second, we recognize that real income growth rates have a significant impact on the outcomes in our simulations, and small changes in this assumption can have a large impact on success probabilities. Whereas some assumptions can have a dampening effect on outcomes, the real income growth rate assumption has a compounding effect on outcomes. For example, recall that our assumption for SSA benefits is based roughly on median household income. Since the proportion of ending income that is replaced by Social Security will be lower for higher-income individuals, we understand that this is a rough estimate. But we also know that higherincome individuals tend to save more, on average, and so the ultimate impact of our Social Security income assumption on the final success probability is dampened in the end.
In the case of real income growth, higher real income at the beginning of one's career and lower real income at the end will lead to considerably higher success probabilities. This is because savings (derived from a savings rate applied to real income) is front-loaded, allowing for greater compounding of portfolio returns. Then, by assuming real income growth decreases at the end of a career, the income replacement rate required for a successful outcome is less taxing on this larger portfolio. For this same reason, a constant real growth rate acts in the opposite way: Savings contributions are delayed considerably and income growth is back-loaded, which results in unrealistically low success probabilities. We can also view this effect in terms of the total dollar contributions to the retirement portfolio. Figure 18 does not take into account the increased net present value of portfolio contributions; it merely calculates the total dollar contributions that result from a constant savings rate applied to real wages. Despite the fact that ending salary will be lowest with a 3% exponential real growth rate, as compared with the constant 1.1% and 1.4% real growth rates, the total dollar contributions end up similar to the 1.4% constant real growth rate scenario. 
Appendix 3
Income replacement rate versus sustainable withdrawal rate Another important consideration is the relationship between income replacement relative to ending salary and the effective withdrawal rate of the post-retirement portfolio. Generally, 4%-5% is considered to be a sustainable withdrawal rate for a successful retirement. We do not explicitly target a certain withdrawal rate, but it is still important to consider the importance of the withdrawal rate as it relates to the portfolio value at retirement.
If we assume an income replacement rate (net of SSA benefits), we can calculate a target portfolio value at retirement assuming a given target withdrawal rate. We can use the following identity to calculate the Looking purely at the success or failure of the glide path at retirement, however, is only marginally informative. Since "failures" at retirement that fail by only a slight margin still have a high probability of providing adequate income in retirement, the true success probability is significantly understated using the probability calculated at retirement, as seen in the The glide path less traveled A critical examination of assumptions, outcomes, and glide path specification
In addition, we can also plot the success and failure measures at retirement and at life expectancy to better depict the distinction between the two. For example, taking a target 4.5% withdrawal rate in retirement, we plot the two distributions in Figure 19 . In reality, with a 4.5% target withdrawal rate, many of the simulations will result in a far lower withdrawal rate when providing the 40% income replacement in retirement, as a result of their much higher portfolio values at retirement. In addition, those below the target portfolio value (8.89x for a 4.5% withdrawal rate) will have a high probability of successfully providing retirement income, despite being forced to withdraw more than 4.5% of their portfolio in their first year of retirement. Thus, while the relationship between income replacement rate and withdrawal rate is an important consideration, we focus on income replacement and the probability of success when reaching life expectancy as a more robust metric to inform decisions about glide path design.
Appendix 4
Student loan debt While total household debt decreased from 2008 to 2016, student loan debt doubled over the period.
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Some key observations include:
• Individuals under the age of 25 make up approximately half of all originations.
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• Balances held by individuals under age 30 account for less than one third of outstanding balances.
• Of the 44 million student loan borrowers in 2016, 5% had loan balances in excess of $100,000. This cohort represents 30% of the total outstanding balance of student loan debt.
• The cohort with the highest outstanding balances also has the lowest default rates of any cohort of student loan borrowers.
The N.Y. Fed analysis also observes that payment progress has slowed for more recent graduates, primarily due to higher borrowing amounts, while noting the effect could also be from the uptick in participation in Income-Based Repayment plans. If payment progress is slower for graduates, either because they are contributing their marginal dollar after debt service to retirement savings or because they are likely to receive some amount of debt forgiveness in the future, then this should be an encouraging sign for retirement success. After all, borrowers should not prepay a student loan and earn only the interest rate on the loan if they can take advantage of an employer match, which is almost certain to guarantee a higher return, even ignoring the potential income tax savings.
The N.Y. Fed briefing also finds that college education is associated with markedly higher homeownership rates, regardless of debt status. While student debt results in a marginal decrease in the homeownership rate, it generally has a smaller impact than the question of whether or not an individual attended college at all. According to the N.Y. Fed study, the homeownership rate for college non-grads with debt rises above the homeownership rate for those who did not attend college by age 27, and the spread continues to increase, rising to a 7% spread (35% versus 28%) by age 33. For those students who graduate, the divergence is even greater, with the homeownership rate for college grads with debt in excess of 52% by age 33.
It stands to reason that if these individuals can manage higher rates of homeownership, they should also be able to save for retirement while continuing to service their student loan debt. Thus, we believe the growth in student loan debt is unlikely to impair the ability of individuals to adequately save for retirement.
28 https://www.newyorkfed.org/press/pressbriefings/household-borrowing-student-loans-homeownership.
29 https://www.newyorkfed.org/medialibrary/media/newsevents/mediaadvisory/2015/Student-Loan-Press-BriefingPresentation.pdf.
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